Parameterization of Asa and Gsa residues
Lysine residues were changed into Asa by removing the hydrogen atoms (HZ1, HZ2 and HZ3) bonded to the nitrogen atom NZ in the side chain, and by replacing the nitrogen atom (NZ) with oxygen; arginine residue was changed into Gsa by removing all side chain atoms, except the three carbon atoms (CB, CG and CD) and the nitrogen atom NE, which was replaced with an oxygen atom; finally the proline residue was changed into Gsa the same way like arginine by replacing the hydrogen atom HD2 bound to CD carbon atom with oxygen. The double bond between carbon and oxygen atoms, and the potential energy term for an angle between a triplet of one oxygen and two carbon atoms in the GROMOS 45A3 force field 1 are described always using the same parameters regardless of the type of carbon or oxygen atoms (e.g. the carboxyl group in the backbone). In order to be internally consistent, we used the same bond parameters in the description of the bond between the atoms CD and oxygen in Asa and the atoms CG and oxygen in Gsa, and the same angle parameters in the description of the angle between the last two carbon atoms and oxygen atom both in Asa and Gsa. All other bonded parameters in Asa and Gsa residues were the same as in lysine and arginine residues, respectively. GROMOS 45A3 building block files for Asa and Gsa are given at the end of the Supporting Information.
Thermodynamic integration:
We used thermodynamic integration (TI) 2 for the calculation of hydration free energies for all aminoacid side-chain analogues and two carbonylated amino-acid side-chain analogues in order to estimate the difference in hydration free-energy between Lys and Asa; and Arg and Gsa. Hydration free energies of neutral and charged forms of native and carbonylated amino-acid side-chain analogues with the CB atom CH n replaced by CH n+1 , were calculated using TI. Since only hydration free energies of neutral forms of amino-acid side-chain analogues are experimentally measurable, we used them for direct comparison between calculated and experimental values.
S3
The equilibration and free energy calculations in water were carried out using the same conditions as described above for protein simulations, while calculations in vacuo were carried out at 300 K (Berendsen thermostat and τ T = 0.05 ps were used) without periodical boundary condition, using the simple cut-off method for calculating electrostatics with a cutoff of r c =1.4 nm. Non-bonded interactions of side chains were scaled down to zero in a stepwise manner using a coupling parameter λ. Free energy changes upon removal of non-bonded interactions were calculated as integrals of the averages of the derivatives of the total system Hamiltonian with respect to λ, between the boundaries λ=0 and λ=1,
After initially 26 evenly spaced λ-points were sampled, changes in slope at each point of the λ λ ∂ ∂H versus λ graph were calculated. The number of additional λ-points placed between two given neighbor λ-points in the second step was proportional to the sum of slope changes at these points, for a total of 26 additional λ-points. The slope changes for the first and the last λ-point were considered to be the same as the slope changes in the second and the penultimate λ-point respectively. Trapezoidal integration was used to evaluate the integral in equation (1) using 52 λ-points. Sampling of 50 ps of equilibration and 200 ps of data collection at each point were used. In order to avoid singularities in the non-bonded interaction a soft-core interaction was used
where σ A and σ B are van der Walls parameters and α=1.51 and p=1. 3, 4 The hydration free energy was calculated by subtracting the free energy change when side chain was simulated in vacuo from the free energy change when side chain was simulated in water.
S4
Fractional contribution of different specific factors to villin headpiece destabilization upon carbonylation To find how much different specific factors contribute to destabilization of villin headpiece, using our simulated results, we have derived a set of 20 inequalities.
Inequalities based on RMSD:
Inequalities based on core compactness:
Inequalities based on core α-helicity:
To find a solution to this set of inequalities numerically, we descretized the space of values for ΔΔG K , ΔΔG R and ΔΔG P to integer percentage of ΔG f-u and counted the number of fulfilled inequalities for a 
